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Abstract: 
While it may never be possible to accurately determine the effectiveness of a health promotion 
campaign, it seems clear that given adequate levels of funding, a healthy lifestyle promotion 
program should be capable of at least achieving a break-even level of effectiveness. 
 
Article: 
CORONARY HEART DISEASE (CHD) POSES A MAJOR burden, both in personal and 
economic terms, on health care management in North America. For example, CHD is the main 
cause of premature death and sickness among Canadians aged 35 to 64 years. Even when it does 
not result in mortality, heart disease still places a substantial burden on health care resources. For 
example, in 1990, 20 percent of hospital care days, or approximately 8 million days, were due to 
heart disease alone. The cost of treating heart disease topped C$16 billion in 1986 and has been 
on the rise ever since.
1
 Figures for the United States (U.S.) portray a similar picture.
2
 
Perhaps as a result of this, over the past two decades there has been widespread implementation 
of what have been termed “community-” or “population-” based CHD prevention programs, in 
the U.S., Canada and elsewhere. These primary prevention programs typically employ some 
combination of public education, social marketing, community mobilization, health-oriented 
public policy and environmental modification strategies in an effort to encourage target groups to 
adopt healthy lifestyle changes such as smoking cessation, dietary modifications and increased 
physical activity. The adoption of healthier lifestyles is, in turn, expected to prevent or forestall 
the onset of physiological risk factors which may subsequently lead to heart disease. The 
rationale for the population-based approach to heart disease prevention is based on the fact that 
when large segments of the general population are involved, even modest treatment effects (i.e., 
lifestyle changes) are likely to yield significant reductions in heart disease rates. Furthermore, 
from an economic perspective, the average or per capita cost of this approach is relatively low 
because there are neither case-finding nor individualized-treatment expenses. However, such 
programs have to be adopted and implemented with long-term prospects in mind. Although 
initial beneficial effects of such programs may start occurring soon after their initiation, studies 
have shown that it takes several years, anywhere upwards of five, for such behaviour 
modifications to reduce public health risk substantially.
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 Nonetheless, such programs have 





The New Brunswick (N.B.) government’s Heart Health Promotion Program (NBHHP)
6
 is an 
example of one such heart health promotion campaign that adopts a primarily population-based 
approach, involving the mass media and several professional and community groups. The mass 
media are involved through the provision of advertising which encourages a lifestyle of 
nutritious food, exercise, moderate alcohol intake and abstention from tobacco use. Professionals 
and community organizations, such as physicians, teachers and the YMCA, are also involved in 
the program, by encouraging heart health promotion activities and offering programs that focus 
on heart health. 
 
Assuming that the Program has already been in place long enough for its behaviour modification 
effects to have started and to continue well into the future from the period of study, we analyzed 
the economic break- even efficacy of this model over a 12-year period. In other words, our 
economic analysis is based on a 12-year snapshot of an ongoing program that is in its “steady 
state.” Such a long time horizon of analysis was purposely chosen to improve the accuracy of our 
results, particularly in view of the gradual nature of the accrued benefits of a population-based 
prevention program. 
 
Notwithstanding the rationale for our time horizon, our approach focuses on first estimating the 
net savings to the Province of N.B. from this health promotion campaign in terms of treatment 
costs that are forgone and the savings that are made in productivity by workers taking fewer days 
off due to ill health. This estimation is done by our proposed model that utilizes various socio-
economic data from the Province as an input. Having predicted the net savings, we then compute 
the level of efficacy that this heart health promotion program would have to achieve for the 
future cost savings expected from the Program to break even with the costs of implementing the 
program. This estimated “break-even efficacy level” then serves as a basis for a qualitative 
assessment of the economic feasibility of the Program. 
 
In addition, we also propose a new model which uses the estimated break-even efficacy level to 
determine the optimal budget allocation for this heart health promotion program. Our primary 
conclusions from the study indicate that (a) heart health promotion campaigns are an extremely 
cost-effective way of controlling health care costs; and (b) given the assumptions of our 
optimization model, these campaigns are significantly underfunded in N.B. at this time. 
 
METHODOLOGY 
We began the study, modelled along the lines of the NBHHP, by estimating the maximum health 
and economic benefits possible from implementation of a 100 percent effective heart health 
promotion program in a target segment of the N.B. population. The period of study for this 
break-even analysis was assumed to be 12 years. Maximum health benefits, defined as the 
number of CHD cases which could be avoided over a 12-year period, were calculated using the 
Framingham CHD risk prediction model.
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 Maximum economic benefits were calculated by 
multiplying the estimated number of avoidable cases by the treatment and lost productivity costs 
associated with an average CHD case in N.B. Having determined the maximum economic 
benefits possible from a 100 percent effective CHD promotion program, we next developed a 
mathematical function which expresses potential cost savings from CHD prevention as a 
function of the heart health program’s effectiveness. Since a 100 percent effectiveness rate is 
almost always unachievable, this cost-effectiveness relationship was then used to determine the 
level of effectiveness that the heart health promotion program would have to achieve for 
potential cost savings from the Program to break even with its implementation costs. In keeping 
with standard economic practices, whenever future costs or savings were needed to be reduced to 
their present values, a discounting rate of five percent was used. 
 
Target population 
New Brunswick is a small province on Canada’s east coast, with a total population of 
approximately 760 000. The target population for CHD prevention programs typically consists of 
individuals between 30 and 74 years of age because CHD is rare in younger age groups and pri-
mary prevention efforts are less effective in the very elderly. In N.B., this 30- to 74-year-old 
target population includes approximately 360 000 individuals. A sample of 967 individuals (480 
males and 487 females) from this target population was derived from the 1989 New Brunswick 
Heart Health Survey (NBHHS) Report.
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 This report is based on the NBHHS conducted in 1988 
which consisted of a stratified random sample of approximately 2000 N.B. residents between the 
ages of 18 and 74. It included a wide variety of heart health related knowledge, behaviour and 
physiological measurements as well as demographic information for each subject. The sample 
for the study consisted of all NBHHS participants who: (a) were between 30 and 74 years of age; 
(b) had no history of coronary heart disease; and (c) had records which included all of the 
physiological measures required by the Framingham risk equations. 
 
Calculation of maximum health benefits 
As a first step in estimating the maximum potential health benefit from a 100 percent effective 
heart health promotion program, the Framingham risk prediction model, as described by 
Anderson et al.,
9
 was used to calculate the expected incidence of CHD (i.e., number of new 
cases) in the target population over a 12-year period, assuming that the prevalence of major CHD 
risk factors remained at their 1988 levels. The Framingham model begins by calculating an 
individual risk score which is a function of each subject’s diastolic blood pressure (DBP), 
cigarette smoking (defined as smoking one or more cigarettes per day),10 ratio of total serum 
cholesterol to high density lipoprotein (HDL cholesterol), and history of left ventricular 
hypertrophy (LVH). In subsequent steps, the individual’s sex, age and history of diabetes are 
factored into the model. Finally, the desired time period (in this case 12 years) is entered into the 
equation and an estimate of that individual’s probability of developing CHD within the specified 
time period is calculated. After calculating a 12-year CHD morbidity estimate for each of the 967 
subjects, the sample results were extrapolated to the entire target population by multiplying each 
subject’s 12- year CHD morbidity estimate by the number of persons they represent in the target 
population, as obtained from the NBHHS. Summation of these weighted 12-year CHD morbidity 
probabilities provided an estimate of the number of persons in the target population who were 
likely to develop CHD over the 12-year observation period. 
 
The second step in estimating the maximum health benefit possible from a heart health 
promotion program involved modelling the effects that 100 percent adoption of recommended 
healthy lifestyle changes would likely have on the prevalence of major CHD risk factors in the 
target population. To calculate the impact of 100 percent adoption of heart healthy lifestyle 
changes, we began by identifying the healthy lifestyle changes that subjects in the target group 
could benefit from. Subjects were defined as being candidates for smoking cessation if they were 
regular smokers; candidates for dietary modification if they had a Body Mass Index (BMI) 
greater than 26; and candidates for increased physical activity if they did not engage in regular 
physical activity. Approximately 80 percent of the target population was identified as being 
candidates for one or more types of lifestyle change. Table 1 gives the percentages of the sample 
defined as being candidates for the various combinations of healthy lifestyle changes. 
 
Smoking cessation was defined as complete abstinence from cigarette smoking. Dietary 
modification was defined as adherence to a diet similar to that recommended by the American 
Heart Association in 1988
11
 – i.e., approximately 55 percent of total energy from carbohydrates 
and 30 percent from fat, with saturated fat reduced to 10 percent or lower, dietary cholesterol 
below 300 mg per day and sodium intake less than 3 g per day. Increased physical activity was 
defined as regularly 
 
engaging in activity of moderate intensity – i.e., enough to expend approximately 200 calories 
per day. We consulted the scientific literature to determine the probable effects that adoption of 
these healthy lifestyle changes would likely have on the modifiable CHD risk factors (i.e., 
smoking, diastolic blood pressure (DBP), diabetes, total and HDL cholesterol) in individual 
subjects. Since our model is intended to reflect the “probable” impact of voluntarily adopted 
healthy lifestyle changes in a target population, we generally utilized the more conservative 
estimates of the effects of the various lifestyle changes found in the clinical literature. 
 
In the third step of the post-behaviour-change morbidity calculation, subjects’ risk-factor levels 
were adjusted to reflect the estimated impact of 100 percent adoption of all recommended 
lifestyle changes. For example, all subjects who were regular smokers had their smoking status 
changed to that of a non-smoker; diastolic blood pressure was reduced in subjects who were 
identified as being candidates for dietary modification and/or increased physical activity; TCH 
(Total Cholesterol) was reduced in subjects who were identified as candidates for dietary 
modification and/or increased physical activity, and so on. The results of this modelling exercise 
yielded a “post-behaviour-change” risk-factor profile for the target population sample. Each 
individual’s new risk-factor profile was then entered into the Framingham equations and a 
second or postbehaviour-change estimate of CHD incidence in the target population was 
calculated using the weighting given in table 1. The maximum number of CHD cases which 
could be avoided through healthy lifestyle changes was determined by finding the difference 
between the first or prebehaviour-change CHD incidence estimate and the postbehaviour-change 
CHD incidence estimate. 
 
Calculation of maximum economic benefits 
The maximum economic benefits possible from implementation of a 100 percent effective heart 
health promotion program were calculated by estimating the annual treatment and lost 
productivity costs for an average CHD case in N.B. and then multiplying those cost figures by 
the number of years of symptoms which could be avoided if 100 percent of the target population 
were to adopt and maintain all recommended lifestyle changes. We calculated the treatment and 
lost productivity costs associated with CHD by following the approach that Wigle et al. 
developed to calculate the economic burden of cardiovascular disease in Canada. 
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 First, we 
estimated the total annual direct treatment costs due to CHD in N.B. Second, we estimated the 
prevalence of CHD in the 18- to 74-year-old population. This prevalence estimate was then used 
to calculate the average annual cost of treating an individual CHD case in N.B. Third, we 
estimated the total annual lost productivity costs associated with CHD. Lastly, we used the CHD 
prevalence estimate for the 30- to 64-year-old population to calculate the average annual lost 
productivity costs associated with an individual CHD case in N.B. 
 
RESULTS 
To apply the methodology discussed in the previous section to our model, we calculated the 
various input data for the target population in N.B. Then, we applied this data to a model that we 
developed for that population to predict the total savings to the Province as a function of the 
success rate of our health promotion campaign. As is typical of most pilot studies, the specific 
data for the province of N.B. was unavailable in one case; consequently, we extrapolated similar 
data available from a nationwide study. 
Maximum health benefits – As per the steps described above, the Framingham model was used 
to predict the number of CHD cases avoidable through the adoption of healthy lifestyle changes. 
We validated our results by comparing them against similar data available for the neighbouring 
province of Nova Scotia, whose socioeconomic profile is similar to that of N.B. Doing so, we 
found that the maximum number of CHD cases that could be avoided over the 12-year prediction 
period – if 100 percent of the target population adopted and maintained all recommended 
lifestyle changes – is: 
7166 cases over 12 years (1) 
We used the number defined in (1) for future calculations. However, before proceeding further, 
we noted a subtle, nonetheless important, assumption. Exactly how long it takes for individuals 
to realize the benefits of reduced heart health risk behaviour is largely dependent on the 
individuals themselves; this fact poses an analytical problem for any break-even study. To 
circumvent this problem, we performed a “steady-state analysis” of an ongoing heart health 
management program. In other words, we assumed that the intervention program has been in 
existence long enough to have actually started generating benefits at the beginning of the period 
of analysis and, further, that it will stay in existence well beyond the period of study. Hence, an 
individual case counted in the period of study may actually have been caused by behaviour 
modification adopted prior to the period of study. By the same token, there may be individuals 
whose behaviour modification during the period of study may actually accrue benefits only after 
the period of analysis. However, our assumption of performing a steady-state analysis of an 
ongoing program is used to “average out” such effects. 
Maximum economic benefits – Average annual treatment costs – We estimated the total 
annual cost of treating CHD in N.B. by calculating direct provincial government expenditures in 
four main cost categories identified by Wigle et al. 
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 As shown in table 2, the Province spends 
an estimated total of approximately C$44 million annually on CHD treatment. 
 
To arrive at an estimate of the average annual cost of treating one CHD case in the target 
population, the $43.9 million total cost figure was first adjusted to reflect only those costs which 
are likely to be associated with individuals under the age of 75. Information on hospital 
separations indicates that individuals over 75 account for approximately 30 percent of all 
hospital separations due to myocardial infarction in N.B.
14
 Therefore, we assumed that 
individuals over 75 account for 30 percent of the Province’s total annual CHD treatment costs 
and that individuals under that age account for the remaining 70 percent. This adjustment yields 
a total annual treatment cost of approximately $30.73 million for the under-75 population. Based 
on results from the NBHHS, we estimated that 8.9 percent (10.9 percent males and 
7.1 percent females) of the 30- to 74-year-old population (32 761 individuals) had some form of 
CHD which requires ongoing treatment. Dividing the adjusted total annual treatment cost figure 





Since the treatment cost savings associated with avoiding the onset of CHD symptoms are 
expected to be realized over a 12-year period, it would typically be necessary to discount the 
future cost savings to reflect the fact that they will not accrue until some time in the future. 
However, on the basis of its past performance (for the past decade, the Consumer Price Index 
for health care has outpaced the average inflation rate by more than one percent per annum), the 
inflation rate for treatment costs is expected to be at least equal to the overall inflation rate. 
Hence, we did not discount the anticipated future cost savings in treatment of $938 per case. 
Average annual lost productivity costs – In addition to treatment costs, CHD also generates 
costs in terms of time lost from work as a result of short-term and chronic disability. Wigle et al. 
have calculated chronic and short-term disability costs for cardiovascular disease (CVD) in 
Canada.
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 However, similar figures for CHD (a sub-component of CVD) are not available. To 
approximate short- and long-term disability costs associated with CHD, it was necessary to 
estimate what proportion of CVD disability costs are due to CHD. Approximately 38 percent of 
hospital separations due to CVD in N.B. are attributable to CHD.
16
 Therefore, the CHD 
disability costs were assumed to be approximately 38 percent of the corresponding CVD 
disability costs. To extrapolate the national cost estimate to N.B., the average annual lost 
productivity per Canadian worker due to CVD ($104.40) was multiplied by the size of the N.B. 
labour force (315 000 workers)
17
 to yield an estimate of the total annual lost productivity costs 
due to CVD of $32.57 million per year. To estimate the average lost productivity cost per CHD 
case in N.B., we then divided the lost productivity total for N.B. by the estimated number of 
CHD cases in the 30- to 64-year-old population
18
 as given by the census to obtain the: 
 
Model to predict net savings 
In the previous discussion, it is predicted that if our hypothetical heart health promotion 
campaign is 100 percent successful, then the total number of new CHD cases that would be 
avoided is 7166 over the 12-year intervention period (from (1)). Further, we also computed the 
average savings in treatment costs (in (2)) and lost productivity (in (3)) for each case of CHD 
avoided in N.B. We then used these socio-economic data as input to calculate the total savings 
that would accrue to the Province over the entire 12-year intervention period. The details of the 
computation will be described fIrst. Then, the entire series of computations is summarized in 
the form of a generalized model. 
 
We began by calculating the total savings in treatment costs accrued to the Province over the 
12-year intervention period. Note from (1) that 7166 CHD cases
19
 could be avoided over a 12-
year period if 100 percent of the target group adopted and maintained all the recommended 
healthy lifestyle changes. Assuming, as in Grover et al. ,20 that the occurrence of avoided cases 
is uniformly distributed over the 12-year prediction period, the predicted savings in treatment 
costs can be conceptualized as follows. We know that each case avoided saves $938. In 
addition, a 100 percent effectiveness will guarantee 7166 fewer cases over the 12-year 
intervention period, which translates to approximately 597 fewer cases annually for each of 
these 12 years. The 597 people who do not get sick in the first year of this 12-year period will 
save the Province $938/case for each of the 12 years of observation. The 597 cases avoided in 
the second year will similarly save $938 for the last 11 years of observation, and so on. Thus 
the total savings in treatment costs is: 
 
 
Next, we computed the total savings in productivity incurred by the Province over the entire 
intervention period. For this purpose, note that it has already been estimated in (3) that the loss 
in productivity/worker/ year is $2219. Further, in an effort to keep the estimate conservative, 
we only considered the 30 to 54 age group as being the ones that will contribute to the savings 
in productivity. The data from the application of the Framingham model described above 
showed that 2854 cases can be prevented over a 12-year period in the 30 to 54 age group. 
Assuming a provincial unemployment level of 15 percent
21
 (we deliberately chose a high figure 
to estimate the savings conservatively), 2426 cases of these represent employed people in 
whom the incidence of CHD is avoided. Thus, it is these 2426 cases that are assumed to 
generate the productivity savings over the 12-year period. As before, assuming a uniform 
distribution, about 202 cases will be avoided for each of the 12 years that will contribute to the 
productivity savings. 
 
By using the same argument as before, the 202 cases avoided in the first year will each generate 
a productivity savings of $2219 for each of the 12 years. Unlike treatment costs however, 
wages have not kept pace with inflation in Canada over the past decade. Thus, there is a need to 
use a discounting factor for the future savings obtained from the regained productivity. 
Assuming a discount rate of five percent, and that the productivity savings of any year are 
accrued at the end of the respective year, the total savings in productivity to the Province that 
these people generate is: 
 
 
Repeating computations such as (5) for each of the 12 years, it can be seen that if 100 percent 
of the targeted population switches to a healthier lifestyle, then the total savings in productivity 




Hence, the total savings that might accrue over the 12-year prediction period can be easily 
estimated by adding together the two estimates (4) and (6) obtained above. Doing so, it can be 
seen that if 100 percent of the target population made all recommended healthy lifestyle 
changes, then: 
 
The estimated total cost savings of approximately $67.18 million is a purely hypothetical 
figure since in the real world we would never expect to see 100 percent adoption of healthy 
lifestyle changes in a target population. For example, an intervention program which is 50 
percent effective would be expected to generate half the cost savings; one that is 25 percent 
effective, only a quarter of that amount. Therefore, if the effectiveness (denoted as Δ) of a heart 
health promotion program is defined as the proportion of the target population which adopts 
and maintains recommended lifestyle changes, then the cost savings likely to be generated by 







The above procedure employed to produce (8) can also be generalized in the form of a simple 
mathematical model that can be used to do similar economic analysis for other heart health 




Unfortunately, it is extremely difficult, if not impossible, to estimate the effectiveness of 
population-based heart health promotion programs. However, by using the relationship between 
program effectiveness and potential cost savings described above, it is possible to estimate how 
effective our hypothetical intervention program would have to be to recoup the costs incurred 
to implement it (i.e., to break even). Like its counterparts in the other provinces, the NBHHP 
was jointly funded by Health Canada and the provincial Department of Health and Community 
Services over a period of five years. During its mandate, the NBHHP received an average of 
$400 000 per year in funding.
23
 Consequently, we conducted a break-even analysis with the 
assumption that our hypothetical 12-year intervention program also had an annual funding of 
$400 000. Assuming a time value of money of five percent, the present value of this stream of 
funding can be calculated as an annuity of $400 000 at five percent over 12 years, and the 
program implementation cost can be calculated as being equal to $6.37 million. If ΔBE denotes 
the break-even efficacy level of the health promotion campaign, then by setting this imple-
mentation cost equal to the expression for calculating potential cost savings in (8), we found 
that: 
 
So the break-even efficacy level of our hypothetical campaign is 9.48 percent over 12 years 
of operation or an annual effectiveness level of approximately 0.78 percent. In other words, on 
an annual basis, a program of this magnitude needs to motivate about 0.78 percent of its target 
audience to adopt and maintain all healthy lifestyle changes in order to break even. In our 
opinion, whereas the exactness of this number may be subject to debate, particularly in light of 
our assumptions and approximations, such a low value strongly conveys one conclusion. It 
underscores the fact that heart health promotion programs only need to effect relatively modest 
changes in their target populations to generate significant long-term cost savings. For example, 
to examine the feasibility of achieving this break-even level of success, we observed that the 
prevalence of regular smoking in N.B. declined by approximately five percentage points between 
1988 and 1995.
24
 It would appear that population behaviour changes of the magnitude necessary 
for heart health promotion programs to achieve break-even effectiveness are clearly feasible. 
 
Our conclusion is further corroborated by noting that in the present analysis we have only 
considered the impact of heart health promotion programs on treatment and lost productivity 
costs attributable to coronary heart disease. However, the healthy lifestyle behaviours targeted by 
heart health promotion programs also have a direct impact on the prevalence of numerous other 
diseases and conditions including many forms of cancer, cerebrovascular disease, hypertension 
and kidney disease, to name but a few. It is not at all unreasonable to suggest that for every 
dollar of cardiovascular disease treatment and lost productivity savings generated by a heart 
health promotion program, there will be additional savings in treatment and lost productivity 
savings associated with other lifestyle-related diseases and conditions. Therefore, when the broad 
impact of heart health promotion programs on lifestyle-related diseases and conditions is 
considered, it is not unreasonable to contend that the break-even effectiveness level may be even 
less than what is required for CVD alone. 
 
This suggests that heart health promotion programs offer an extremely economical means of 
combating both CVD and a host of other lifestyle-related conditions. Even if the impact of this 
type of population intervention program is very modest and difficult to distinguish from ongoing 
secular trends, our research suggests that it will still generate significant long-term cost savings. 
Optimal budget allocation 
Using the results of the preceding economic analysis, we developed a model for calculating the 
optimal level of funding for a heart health promotion program in N.B. We began with the most 
fundamental assumption of our model, namely, the relationship between the success rate of the 
campaigns and the budgets allocated to them. It is intuitively clear that as we allocate increasing 
sums of money to health promotion strategies, they can have a greater impact (i.e., their 
effectiveness may increase). These programs reach their audience through a variety of 
advertising media such as pamphlets, television and radio spots, advertisements in newspapers 
and popular magazines, and even through community activities. 
 
However, it is reasonable to expect that although increased exposure to the general public will 
initially increase the effectiveness of such campaigns, this increase will gradually taper off as the 
exposure level increases beyond a certain point. One reason for this possibility might be 
“advertising wear-out” of the targeted population – a phenomenon that is well-recognized in the 
marketing literature.
25
 Yet another reason for such diminishing returns could be that eventually 
these programs may reach their saturation level of effectiveness (i.e., that group of the targeted 
population that has the motivation and the discipline to change their lifestyles would have done 
so, leaving the others unchanged). 
 
Nonetheless, as the first step, we needed a precise mathematical expression that related the 
budget allocated to these programs to their final level of effectiveness. Further, this relationship 
should accurately mirror this behaviour of diminishing returns. We therefore assumed for our 
analysis that over the entire 12-year intervention period, if the total budget allocated to these 
health promotion campaigns were $B million, then the resulting level of effectiveness that could 
be achieved over the entire intervention period, that we denote Δ(B), is given as: 
 
The factor k refers to the Responsiveness Index of the targeted audience and measures how 
responsive this audience is to such campaigns. The higher the value of k, the lower will be the 
budget required to achieve a desired level of effectiveness. In other words, a high value of k will 
represent an audience that is highly receptive to health promotion campaigns, thereby making it 
easier for the Province to mold the behaviour of the targeted population through these 
campaigns. In practice, we would expect this responsiveness index to be determined primarily by 
the socio-economic characteristics of the targeted population such as education levels, income 
levels, etc., and to be outside the control of the agency responsible for implementing the health 
promotion campaigns. Based on these arguments, it was assumed to be a constant in our model. 
 
As an illustration, see figure 1 where the function Δ(B) has been shown for three values of k, 
namely, k = 0.5, 1 and 2. This demonstrates that for the same budget, a higher value of the 
responsiveness index guarantees a higher level of success. As a final point, note that for the 
results of (10) to be meaningful, the annual budget B must be at least (1/k) – hence, we assumed 

















One of the key problems with using (10), however, is that the exact value of the responsiveness 
index (k) for the N.B. population is not known and may be difficult to measure. But, it can be 
estimated in the following simple way. As mentioned above, the assumed present level of 
funding for our program is $400 000 per year. At a discounting rate of five percent, this amounts 
to a total implementation cost of $6.37 million over the entire 12 year period; hence B = 6.37. If 
we let Δpresent denote the present level of effectiveness of our hypothetical campaign over the 
entire 12-year horizon of study, then by substituting the present value of B back into (10), we can 
see that for the N.B. population, the value of the responsiveness index is equal to: 
 
 
Thus, if a pilot study shows that the health promotion campaign in N.B. is only breaking 
even, i.e., its present level of effectiveness is 9.48 percent over the 12-year period, then, by (11), 
the responsiveness index for the targeted population in N.B. is equal to 0.1734. We then obtained 
a relationship between the optimal 12-year budget in millions of dollars, denoted by Bopt, and 
∆present. Note that the 12-year level of effectiveness, namely, Δ(B), is given by equation (10). 
Given that, some elementary mathematical operations
26
 allowed us to deduce that the optimal 12-
year budget was related to Δpresent in the following way : 
 
Based on this, we concluded that: 
 If the assumptions of our mathematical model were correct, then the optimal budget for a 
population- based heart health promotion program would be a decreasing function of its 
expected level of effectiveness. This stands to reason, since the more responsive the target 
population is, the less resources will be required to achieve a given level of program 
effectiveness. 
 The optimal budget for a heart health program such as NBHHP would be no higher than 
$20.68 million over a 12-year period. Discounted at a five percent rate, this amounts to a 
funding level of $1.3 million annually, or approximately $3.60 annually for each individual 
in the target population. By the definition of optimality, this is the budget amount that will 
maximize the program’s cost-effectiveness, i.e., generate the greatest cost savings per 
implementation dollar spent, when the responsiveness index of the population is very close to 
zero (i.e., the targeted audience is highly unresponsive). 
 Perhaps the most interesting observation from figure 2 is that the current annual budget of 
$400 000 of N.B.’s heart health promotion program is optimal only if the expected level of 
program effectiveness is very high, approximately 90 percent over the entire 12-year period. 
While the effectiveness level of population-based healthy lifestyle promotion programs in 
N.B. is unknown, it is virtually certain that such a high effectiveness rate is impossible. 
According to our model, this implies that NBHHP, with its funding of $400 000 per annum 
or approximately $1.10 annually for each individual in the target population, was 
significantly underfunded. For example, if the program is assumed to be only breaking even 
for the 12-year program scenario, i.e., Δpresent = 9.48 percent, then, by equation (12), the 
optimal budget for the Program should be about $1.23 million annually, or $3.40 per year for 
each individual in the target population. It can be verified that given a 12-year effectiveness 
rate of 9.48 percent and funding of $3.40 per person per year, the program would break even 
and still generate a net treatment and lost productivity savings of about $28.19 million over 














There is very little information in the scientific literature concerning the cost of 
implementing effective population-based CVD prevention programs or their optimal levels of 
funding. Pearson et al.
27
 have suggested that a CVD prevention program could be mounted for 
about $0.75 per capita per year in developing countries where implementation costs are assumed 
to be much lower than in the industrialized world. Kottke et al.,
28
 drawing on information from 
the North Karelia Project
29
 have estimated that the cost of an effective population-based CVD 
prevention program in the U.S. is likely to be approximately $20 per person per year. Recent 
Canadian estimates
30
 suggest that population-based heart health promotion programs can achieve 
modest reductions in CHD risk factors at a cost per person of between $3 and $30 per year, 
depending on the level of intervention. Based on these estimates of probable implementation 
costs, the $3.40 per person per year funding level predicted by our optimization model appears to 
be close to the cost that we would expect to incur in order to implement a relatively low intensity 
population-based heart health promotion program designed to yield modest (i.e., break-even 
level) population lifestyle changes. 
Conclusions and recommendations 
In these days of increasing fiscal restraint, spending scarce health care dollars efficiently is one 
of the prime concerns of all levels of government and the health care industry. Since heart 
disease accounts for a substantial portion of the health care costs in Canada and the U.S., any 
savings resulting from a decreased CHD incidence would be of significant benefit. One way to 
reduce the incidence of heart disease is by primary prevention through population-based heart 
health promotion programs. However, the effectiveness of these programs has been difficult to 
evaluate, and although relatively inexpensive on a per capita basis, these programs still require a 
substantial investment which should be based on sound cost-effectiveness considerations. 
 
We have demonstrated a method of examining the potential cost effectiveness of a typical 
population-based heart health promotion program in N.B. and have attempted to quantify the 
level of effectiveness that such a program would have to achieve to make it a cost- effective 
health promotion strategy. Our analysis suggests two important conclusions: 
 
 It is clear from our study that population-based heart health promotion programs are a 
very cost-effective strategy for improving population health and reducing treatment and 
lost-productivity costs. Even at very modest levels of effectiveness, this type of program 
is capable of generating significant longterm cost savings. For example, our estimates 
show that in N.B., for every one percent of the 30- to 74- year-old target population 
which adopts and maintains a heart healthy lifestyle, the Province will save 
approximately $0.67 million in forgone treatment and lost-productivity costs over a 12-
year period. While it may never be possible to accurately determine the effectiveness of 
this type of health promotion program, it seems clear that given adequate levels of 
funding, a healthy lifestyle promotion program such as our 12-year program should be 
capable of at least achieving a break-even level of effectiveness (e.g., as little as 0.8 
percent annually) which will generate long-term cost savings sufficient to offset program 
implementation expenses. 
 If the assumptions of our mathematical budget optimization model were accurate, then 
the current level of funding for heart health promotion in N.B. (i.e., approximately $1 per 
individual in the target population) would be optimal only if the expected level of 
effectiveness of these programs is extremely high (approximately 90 percent). Since this 
is almost certainly not the case, it would appear that in all probability, heart health 
promotion is probably significantly underfunded in N.B., and that the Province could 
substantially increase its long-term treatment and lost-productivity cost savings by 
devoting more resources to heart health and healthy lifestyle promotion initiatives. Our 
theoretical model suggests that the optimal budget for an ongoing heart health promotion 
program in N.B. would be approximately $1.23 million annually or $3.40 per individual 
in the target population. 
 
As this is a first pass at this highly challenging and complex problem, there are numerous 
avenues for further research. Among the most immediate would be to fine-tune the optimization 
model and supplement it with more empirical work. Another interesting strand of future research 
could be to use the economic evaluation approach that we used to look at cost-effectiveness 
issues in other areas of health promotion and disease prevention. Although the results of this 
study apply specifically to the N.B. population, we believe that the same economic-evaluation 
strategy can be used, with minor modifications, to conduct similar studies on a wide range of 
health care-related issues where costs and savings can be estimated but treatment effects are 
difficult to quantify. 
 
notes 
1. Canada, Statistics Canada, National Population Health Survey/ Enquête sur la santé de la 
population (Ottawa: Statistics Canada/ Statistique Canada, 1995); online: http://www.hc-
sc.gc.ca/hpb/lcdc/ bcrdd/cardio/facts_e.html (retrieved November 24, 1999). 
2. See for example, the annual Heart and Stroke Statistical Reports of the American Heart 
Association; online: http://www.americanheart.org/statistics (retrieved November 24, 1999). 
3. M.B. Mittlemark et al., “RealIstic outcomes: lessons from community- based research and 
demonstration programs for the prevention of cardiovascular diseases,” Journal of Public Health 
Policy 14, 4 (Winter 1993), pp. 437-493. 
4. P. Puska et al., “The North Karelia Project: 15 years of community- based prevention of 
coronary heart dIsease,” Annals of Medicine 21, 3 (1989), pp. 169-173; S. Shea and C.E. Basch, 
“A review of five major community-based cardiovascular disease prevention programs, Part 1: 
Rationale, design and theoretical framework,” American Journal of Health Promotion 4, 3 
(1990), pp. 203- 213; J.P. Elder et al., “Community heart health programs: components, 
rationale, and strategies for effective interventions,” Journal of Public Health Policy 14, 4 
(Winter 1993), pp. 463-479. 
5. J. McCormick and P. Skrabanek, “Coronary heart disease is not preventable by population 
interventions,” Lancet 2 (8615) (Oct. 1988), pp. 839-841. 
6. New Brunswick, Department of Health and Community Services, New Brunswick Heart 
Health Program Annual Reports (Fredericton: the Department, 1991-1994). 
7. W.B. Kannel, P.A. Wolf and R.J. Garrsion, eds., The Framingham Study:An Epidemiological 
Investigation of Cardiovascular Disease, “Section 34: Some Risk Factors Related to the Annual 
Incidence of Cardiovascular Disease and Death Using Pooled Repeated Biennial Measurements: 
Framingham Heart Study, 30-Year Follow-Up,” (Report No. NIH/PUB 87-2703) (Bethesda, 
Md.: National Heart, Lung, and Blood Institute, 1987); K.M. Anderson et al., “An updated 
coronary risk profile: A statement for health professionals,” Circulation 83, 1 (Jan. 1991), pp. 
356-362. 
8. Canada, Health and Welfare, New Brunswick Heart Health Survey (NBHHS) Report 
(Fredericton: Department of Health and Community Services; Ottawa: Health and Welfare 
Canada, 1989). 
9. Anderson et al., “An updated coronary risk profile,” 1991. 
10. The amount of smoking is not factored in by the Framingham model. 
11. Nutrition Committee, American Heart Association, “Dietary guidelines for healthy 
American adults: A statement for physicians and health professionals,” Circulation 77, 3 (Mar. 
1988), pp. 721A-724A. 
12. Donald T. Wigle et al., Economic Burden of Illness in Canada,1986 (Ottawa: Bureau of 
Chronic Disease Epidemiology, Laboratory for Disease Control, Health and Welfare Canada, 
1991). 
13. Ibid. 
14. New Brunswick, Department of Health and Community Services, Program Standards and 
Support Services (enquiries: 506-453-2536); online: http://www.gov.nb.ca./hcs (retrieved 
November 24, 1999). 
15. Wigle et al., Economic Burden, 1991. 
16. New Brunswick, Department of Health and Community Services, Health Status of New 
Brunswickers (Fredericton: the Department, 1990). 
17. Labour Reports, Statistics Canada; online: http://www.statcan.ca/ 
english/Pgdb/People/Labour/labor07a.htm (retrieved November 24, 1999). 
18. The number of cases in the 30- to 64-year-old population was estimated from NBHHS 
and used in this calculation because less than two percent of CHD cases occur in individuals 
under 30 years of age; and it was assumed that since the majority of individuals over the age of 
65 are likely to be retired, there are no lost productivity costs associated with CHD cases in this 
age segment. 
19. For the sake of conceptual simplicity, the impact of population behaviour change on the 
onset of CHD symptoms is described in terms of avoided cases. However, it may be more 
accurate to describe the predicted changes in CHD incidence in terms of “case equivalents” 
where a case equivalent is defined as 365 days of avoided symptoms. Although the results are 
presented as if each case equivalent represents one individual, in reality each case equivalent 
may consist of multiple individuals. For example, 365 days of avoided symptoms could consist 
of two months of symptom avoidance in six individuals, one day of symptom avoidance in 365 
individuals or any similar combination. 
20. S.A. Grover et al., “The benefits of treating hyperlipidemia to prevent coronary heart 
disease: Estimating changes in life expectancy and morbidity,” JAMA 267, 6 (Feb. 1992), pp. 
816-822. 
21. Labour Reports, Statistics Canada. 
22. Interested readers may contact Dr. Joyendu Bhadury (via the Editor) for details. 
23. New Brunswick Heart Health Program Annual Reports, 1991-1994. 
24. NBHHS Report, 1989; National Population Health Survey, 1995. 
25. Leon G. Schiffman and Leslie Lazer Kanuk, Consumer Behaviour, 4th ed. (Englewood 
Cliffs, N.J.: Prentice Hall, 1991), p. 196. 
26. Interested readers may contact Dr. Joyendu Bhadury (via the Editor) for details. 
27. T.A. Pearson, D.T. Jamison and J. Trejo-Gutierrez, Health Sector Priorities Review 
Cardiovascular Disease (Washington, D.C.: The World Bank, Population and Human Resources 
Department, 1990). 
28. T.E. Kottke, L.C. Gatewood and H.A. Park, “Using serum cholesterol to identify high 
risk and stimulate behaviour change: will it work?” (Unpublished working paper, 1988). Cited in 
Detection and Management of Asymptomatic Hypercholesterolmia: a policy document (Toronto: 
Ontario Ministry of Health and Ontario Medical Association Working Group on Cholesterol 
Policy, 1989), p. 55. 
29. Puska et al.,“The Northern Karelia Project,” 1989. 
30. Saskatchewan, Health Services Utilization and Research Commission, Cholesterol testing 
and treatment in adults:final report (Saskatoon: the Commission, 1995). 
 
references 
Bosworth, Kris and David H. Gustafson. “CHESS: Providing Decision Support for Reducing 
Health Risk Behaviour and Improving Access to Health Services,” Interfaces 21, 3 (May/June 
1991), pp. 93-104. 
Buchanan, Joan L., et al. “Simulating Health Expenditures Under Alternative Insurance Plans,” 
Management Science 37, 9 (Sept. 1991), pp. 1067-1090. 
Butler, Tracy, Chris Sparks and Debbie Oxley. “Community health needs assessment,” OR 
Insight 8, 3 (1995), pp. 2-8. 
Carrizosa, E., et al. “A Management Tool for Indicator-Supported Systems: A Public Health 
Service Application,” European Journal of Operational Research 61, 1/2 (Aug. 1992), pp. 
204-214. 
Drummond, Michael F., Greg L. Stoddart and George W. Torrance. Methods for the economic 
evaluation of health care programmes (Toronto: Oxford University Press, 1987). 
Hirschfield, A., P.J.B. Brown and P. Bundred. “The spatial analysis of community health 
services on Wirral using geographic information systems,” Journal of the Operational 
Research Society 46, 2 (Feb. 1995), pp. 147-159. 
Kannel, W.B., et al. “Natural history of angina pectoris in the Framingham study: Prognosis and 
survival,” American Journal of Cardiology 29, 2 (Feb. 1972), pp. 154-163. 
Kaplan, Edward H. “Probability models of needle exchange,” Operations Research 43, 4 
(Jul./Aug. 1995), pp. 558-569. 
Luck, M., N. Mugwagwa and M. Onwliliri. “Operational Research for Primary Health Care,” 
Operational Research 5, 1 (1988), pp. 393- 395. 
McManus, Sharon, and Khi V. Thai. “Health Care Financing: A Comparative Analysis,” Public 
budgeting and financial management 7, 2 (1995), pp. 279-314. 
Pliskin, Joseph S., and Eileen J. Tell. “Health Planning in Massachusetts: Revisited After Four 
Years,” Interfaces 16, 2 (Mar./Apr. 1986), pp. 72-74. 
Rivett, Patrick, and Paul Roberts. “Community health care in Rochdale Family Health Services 
Authority,” Journal of the Operational Research Society 46, 9 (Sept. 1995), pp. 1079-1089. 
Segall, Richard S. “Deterministic Mathematical Modelling for the Spatial Allocation of Multi-
Categorical Resources: With an Application to Real Health Data,” Journal of the Operational 
Research Society 43, 6 (June 1992), pp. 579-589. 
Optimum, the journal of public sector management • vol. 30, no.1 13 
